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ABS1 RACT 

This  report  covers  further  progress  made  toward  the  development  of  a  high- 
strength  general-purpose  vulcanizate  based  on  perflaoroalkylene  triazine  polymer 
for  potential  use  in  the  500  to  800OF  range.  The  triazine  polymer  involved  in  this 
research  had  the  following  generalized  structure: 


Of  the  several  lots  of  experimental  yerfluorooctamethylene  triazine  polymer 
evaluated,  a  polymer  with  trifluorometfcyl  and  n-cyanoperfluoropropylene  groups 
In  the  pendant  position  yielded  vulcanlzates  with  the  best  overall  properties. 
Tetraphenyl  tin  and  surface-treated  silica  proved  to  bt ,  respectively,  the  most 
satisfactory  curing  and  reinforcing  agents  for  this  polymer  system.  The  compounded 
triazine  polymer  does  not  become  brittle  when  aged  in  air  for  extended  periods 
even  at  temperatures  as  high  as  700°F  and  in  addition  retains  a  substantial 
portion  of  ite  original  tensile  properties.  The  tetrapbenyl-tin  cured  polymer  -vas 
also  found  to  possess  excellent  electrical  insulating  p:  operties  and  exhibited  good 
resiutaiee  to  compression  set  at  500°F.  Results  of  hot  wire  ignition  tests  have 
shown  this  type  of  polymer  to  be  ncncombustible  in  pure  oxygen.  Further,  it 
does  not  appear  to  be  moisture  sensitive  under  ordinary  conditions. 

This  abstract  Jjb  subject  to  special  export  controls  and  each  transmittal  to 
foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  approval  of 
the  Elastomers  and  Coatings  Branch  (MANE),  Nonmevallic  Materials  Division, 

Air  Force  Materials  Laboratory,  Wright-1  atterson  Air  Force  Base,  Ohio  45423, 
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SECTION  I 
INTRODUCTION 


PerfLuoroalkyiene  tria  :ine  poly  more ,  among  other  experimental  fluorinated 
polymers,  are  being  developed  for  fulfilling  Air  Force  materials  needs  In  the 
area  of  high -temperature  resistant  elastomers.  About  three  and  one-half  years 
ago  an  internal  research  program  was  initiated  to  obtain  suitable  modifiers  for 
ciosslinking  and  reinforcing  these  high-temperature  stable  triazine  elastomeric 
polymers. 

The  purpose  of  this  internal  exploratory  compounding  work,  in  addition  to 
providing  data  to  guide  future  polymer  synthesis  programs,  is  to  develop  high 
strength  general  purpose  elastomeric  compositions  (e.g. ,  an  extrusible  com¬ 
pound  for  insulating  wire,  a  moldable  compound  for  fabricating  O-ring  seals, 
etc.)  for  use  in  advanced  Air  Force  weapon  systems  at  temperatures  up  to 
800°F. 

The  initial  samples  of  polymers  available  during  the  early  stages  of  this 
exploratory  compounding  research  program  were  highly  gelled  and  dlfficul  to 
process,  bul  proved  useful  for  evaluating  candidate  curing  agents.  Good  states 
of  cur  e  of  the  triazine  elastomer  were  developed  with  several  of  the  selected 
metallic  and  nonmetallic  candidate  compounds.  Although  the  results  were  en¬ 
couraging  from  this  viewpoint,  the  resultant  vulcaniz  tes  had  relatively  poor 
mechanical  properties  and  lacked  in  thermal  stability.  Since  the  completion  of 
this  earlier  work,  additional  quantities  of  polymer  have  been  prepared  and  the 
results  of  research  with  these  advanced  materials  are  covered  in  tills  report. 
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SECTION  II 

SYNTHESIS  OF  PERFLUOROALKYLENE 
TRIAZINE  ELASTOMERS 

A.  GENERAL  SYNTHESIS  PROCEDURE 

Si  veral  approaches  (Reference  1)  are  under  Investigation  for  the  synthesis 
of  triizine  elastomers.  Of  the  approaches  being  Investigated,  one  pursued  by 
the  Hooker  Chemical  Corporation  under  contract  with  the  Air  Force  has  pro¬ 
duced  the  most  suitable  gums  for  this  exploratory  compounding  development 
program.  The  process  is  based  on  the  addition  polymerization  of  perfiuoroalkylene 
dinitriles  with  diamidines;  this  forms  high  molecular  weight  p  ’yimidoylamidine 
intermediates.  An  excess  of  a  perfluorinated  acid  anhydride  o  an  excess  of  a 
mixture  containing  a  perfluorinated  acid  anhydride  and  a  perfluorinated  cyanoacyl 
chloride  are  used  to  convert  these  types  of  polymeric  intermediates  into 
triazine  elastomeric  polymers.  Tbe  products  obtained  by  thin  approach  are 
comprised  of  triazine  z  ings  separated  by  periluorinated  polj  methylene  groups, 
bearing  all  perfluoroalkyl  pendant  groups  or  perfluoroalkyl  and  n-cyanoperfluoroalkylene 
pendant  groups. 

B.  CHEMICAL  COMPOSITIONS  OF  THE  EXPERIMENTAL  POLYMERS 

The  polymers  of  interest  were  derived  from  polyimidoylamidine  inter¬ 
mediates  obtained  by  copolymerizing  perfluorosebaconitrile  andperfLuorosebacamidine, 
Equation  I: 


NSC  -  [CF2)e 


C  =  N 
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HN 


h2n 


NH 

nh2 


NH  NHZ 

II  I 


‘CF2>8- 
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-  cf2 
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The  types  of  polymers  exploited,  1.  e. ,  polymers  bearing  all  perfluoropropyl 
pendant  groups,  polymers  with  n-cyanoperfluoropropylene  and  perfluoropropyl 
pendant  groups  #  and  polymers  Lt;  airing  u-cy aiioperfluoropropylene  andtri- 
fluoromethyl  pendant  groups  were  prepared  by  treating  portions  of  the  above 
intermediate  (I)  with,  respectively:  an  excess  of  perfluorobutyric  anhydride. 
Equation  II;  mixtures  comprised  of  an  excess  of  perfluorobutyric  anhydride  and 
n-cyanoperfluorobutyryl  chloride,  Equation  III;  and  mixtures  comprised  of  an 
excess  of  perfluoroacetic  anhydride  and  n-cyanoperfluorobutyryl  chloride, 
Equation  IV. 
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C.  PHYSICAL  CHARACTERISTICS  OF  THE  EXPERIMENTAL  POLYMERS 

The  molar  ratios  of  the  acylating-cyclodehydratlng  reactants  used  In  nre- 
paring  the  gums  versus  the  reduced  viscosities  and  the  p  rcent  of  soluble 
polymer  arc  summarized  In  Table  I. 

Although  a  polymer  with  increased  numbers  of  functional  pendant  n- 
cyanoperfluoropropylene  pendant  groups  is  anticipated  as  the  ratio  of  the  n- 
cyanoperfluorobmyryl  chloride  to  perfluorinated  anhydride  increases,  the 
exact  number  of  functional  groups  introduced  in  each  case  has  not  been  es¬ 
tablished.  Analytical  results  obtained  by  the  contractor  indicated  that  not  more 
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than  5  mole  percent  of  the  functional  monomer  Is  Incorporated  using  mixtures 
containing  20%  of  n-cyanoperfluorobutyryi  chloride. 

Ab  indicated  by  t!e  results  of  viscosity  measurements,  there  were  variations 
in  molecular  weight.  The  variations  in  part,  were  due  to  differences  in  the 
processing  techniques  used  in  recovering  the  finished  polymer.  To  ensure  the 
removal  of  impurt ies,  th  j  gums  (IV)*  prepared  employing  reaction  mixtures  con¬ 
taining  7  and  12  mole  percent  of  n-cyanoperfluorobutyryl  chloride  were  re- 
precipitated  from  hexafluoroxylene  using  glyme.  In  the  process,  low  molecular 
weight  polymer  was  inadvertently  extracted;  consequently,  the  recovered  products 
had  much  higher  molecular  weight  than  the  other  polyme  s  (II)  and  (III),  which 
were  recovered  by  vaccum  removal  of  the  volatile  by-products  formed  and  solvent 
used. 

The  solubility  of  the  experimental  polymers  was  determined  at  room  temp¬ 
erature  using  hexafluoroxylene  as  the  solvent.  A  1/3  90  polymer  to  solvent  ratio 
was  used.  The  percent  soluble  polymer  was  determined  after  approximately  a 
two  -week  period. 


TABLE  I 


PHYSICAL  CHARACTERISTICS  OF  EXPERIMENTAL  POLYMERS 


Sample  Identity 

Ratio  of 
Reactants 

Reduced  ... 
Viscosity' " 

Soluble  ... 

!olymer,%'  ' 

rpo.1...  j_  _  <  /*n  < 

in nv, iii t?  iuu-ij  lilt 

A  /l  Aa( 2) 

\Jf  1UV 

0-722 

62=  4 

Triazine  17B-2A,  (IV) 

7/93<3) 

1.3 

98.6 

Triazine  17B-1A,  (IV) 

12/88*3* 

1.4 

82.5 

Triazine  16B-2,  (III) 

20/80^ 

- 

68.1 

(1)  in  hexafluoroxylene 

(2)  n-cyanoperfluorobutyryl  chloride/perfiuorobutyric  anhydride 

(3)  n-cyanoperfluorobutyry.l  chlorido/trifluoroacetic  anhydride 


♦NOTE;  The  Roman  numerals  (II),  (IH) ,  and  (IV)  refer  to  the  reaction  equations 
which  show  the  fundamental  differences  in  chemical  composition  of  the 
various  species  of  triazine  gum  involved  in  this  research. 
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SECTION  III 

INTRINSIC  OXIDATIVE  THERMAL  STABILITY  OF 
EXPERIMENTAL  TRIAZ1NE  ELASTOMERS 

The  relative  intrinsic  thermal  stability  of  the  various  lots  ofperfluorocctamethylene 
triazine  gums  were  determined  at  500°F  in  an  oven  having  force*,  circulating  air. 

As  shown  in  Figure  1,  the  lot  of  gum  (II)  bearing  all  perfluoropropyl  pendant 
groups  proved  to  be  more  stable  than  those  lots  of  gum  (III  and  IV)  prepared 
using  an  excess  of  mixtures  containing  n-cyanoperfluorobutyryl  chloride  and  a 
perfluorinated  anhydride.  The  difference  in  thermal  stability,  however,  of  the 
gum  (IV)  prepared  using  an  excess  of  the  12/88  mole  percent  ratio  of  reactants 
(curve  C)  and  gum  (U)  bearing  all  perfluoropropyl  pendant  groups  (Cur  ve  A)  was 
slight.  Approximate  total  accumulative  weight  losses  for  these  gums  after  aging 
3000  hours  at  500°F  were  4. 7  and  3.  5%,  respectively. 
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SECTION  IV 

EFFECTS  OF  MILLING  ON  THE  INTRINSIC  STABILITY 
OF  EXPERIMENTAL  TRIAZINE  GUMS 

Research  was  conducted  to  determine  the  extent  to  which  the  intrinsic  thermal 
stability  and  chemical  compositions  of  the  triazine  elastomers  are  altered  by 
milling  on  a  cold  mill  under  normal  atmospheric  conditions.  This  investigation 
was  prompted  by  earlier  observations  which  had  shown  that  triazine  gums, 
like  many  other  elastomeric  polymers,  were  rendered  less  viscous  on  milling. 

Weight  loss  data  obtained  at  500°F  on  samples  of  gum  milled  for  5,  20,  and 
60  minutes  are  shown  in  Figures  2  and  3.  These  results  indicate  that  gum  (HI) 
prepared  using  an  excess  of  the  20/80  mole  percent  ratio  of  reactants  to  be  more 
susceptible  to  breakdown  than  elastomer  (II)  which  has  all  pe. Huor opr opyl 
pendant  groups.  This  undesirable  change,  as  the  results  of  weight  loss  at  SOOT 
indicated,  can  be  minimized  by  limiting  mill  processiug  time. 

Analytical  data  indicate  that  triazine  polymer  is  also  subject  to  hydrolysis 
under  shear.  Infrared  spectra  obtained  on  samples  of  the  above  lots  of  polymer 
after  milling  periods  of  20  and  60  minutes  (Figures  5,  6,  8,  and  3)  revealed  the 
presence  of  carbonyl,  hydrogen-nitrogen,  and  linear  carbon-nitrogen  structures. 
Absorption  peaks  for  these  components  were  not  found  in  the  infrar  ed  spectra 
(Figures  4  and  7)  obtained  on  the  unmilled  gum  samples. 
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Figure  3.  Effect  of  Milling  on  the  Intrinsic  Thermal  Stability  of  Triazine 
Gum  16B-2,  (III) 
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SECTION  V 

EXPLORATORY  CHEMICAL  CROSSLINKING  INVESTIGATIONS 

In  further  attempting  to  obtain  an  elastomeric  triazine  vuicanizale  possessing 
exceptional  stability  at  elevated  temperatures ,  several  of  the  compounds  screened 
in  the  earlier  lots  of  triazine  gum  (Reference  2)  and  other  selected  candidate 
curing  agents  were  evaluated  in  conjunction  with  the  improved  lots  of  triazine 
polymer  just  described.  Of  the  materials  evaluated,  structurally  sound  vulcanizates 
were  obtained  with  the  metallic  and  lonmetallic  compounds  listed  below; 


Metallic  Nonmetallle 

Tetraphenyl  Tin  Perfluoroglutarimidine 

Barium  Oxide  Perfluorosebacamidine 

Perfluoroglutarthioamide 
N ,  N-bis  (perfluorobuty  rimidoy  1) 
perfluoroglutaramidine 
Melamine 

^  T str. .  =iuyl  +.iu  and  perfluoroglutarimidine  proved  to  be  effective  for  curing 
both  types  of  polymer.  The  remaining  compounds  were  only  effective  for  curing 
polymer-bearing  nitrile  pendant  groups. 

The  mechanisms  whereby  cured  products  are  obtained  axe  not  fully  under¬ 
stood.  As  me  above  metallic  compounds  have  been  shown  to  be  effective  catalysts 


for  trimerizing  model  perfluoroalkylnitrile  compounds  to  triazines,  it  is  feasible 
that  triazine  ring  crosslinks  are  for  med  in  curing  reactions  involving  gums  (III 
and  IV)  with  nitrile  pendant  groups  and  metallic  compounds  as  illustrated  below; 


C  2  N 


N  =  C 


N  2  c 


<£4Sn 


l  i 
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Curing  reactions  involving  the  ammonia  or  the  hydrogen  suJ  idc  adducts  of 
dinitriles  and  gums  (III  and  IV)  containing  nitrile  pendant  groups,  it  is  believed, 
lead  to  crosslinked  products  consisting  of  triazine  rings  connected  by  perflucro- 
alkyiene  groups.  Such  linkages,  schematically  illustrated  below  for  the  ammonia 
derivative  of  perfluorosebaconitrile,  would  be  formed  by  the  addition  and  con¬ 
densation  of  the  diamidine  with  the  nitrile  pendant  groups  attached  to  the  polymer 
chain,  with  ammonia  being  liberated  in  the  process. 


In  the  case  of  the  H^S  dinitrile  derivative,  a  similar  reaction  mechanism  is 
postulated,  HgS  being  liberated  in  the  process.  With  the  2:1  molar  ratio 
monamidine  to  dinitrile  adduct  £  N.N'bis  (perfluorobutyrimidoyl)  pcrfluoro- 
elutaramidine  1  the  mechanism  of  crosslirkinnr  is  r-omnl inntpH.  This  adduct. 

c  J  ""  u  -  -ar  » 

it  is  suspected,  quickly  rearranges  to  a  cyclic  product  which  decomposes,  liberat¬ 
ing  ammonia  and  pertluoroglutaronitrile  or  ammonia  addition  products  of 
nitriles.  These  decomposition  products  are  capable  of  interacting  with  the  pendant 
cysnostructures  to  produce  triazinc-containing  crosslinks.  Curing  reactions 
involving  melamine  and  gum  (HI)  bearing  nitrile  pendant  groups  as  well  as 
systems  based  on  polymer  (II)  without  functional  groups  are  also  complex.  The 
attainment  of  cured  products  in  these  instances,  it  is  thought,  results  from 
rearrangement  of  the  basic  polymer  structure. 

A  standard  reaction  temperature  of  320°F  was  used  when  molding  and 
vulcanizing  the  samples  required  for  evaluation.  Compounds  bearing  metallic 
catalysts,  in  most  cases,  were  cured  for  a  period  of  20  hours,  although,  in 


19 


AFML-TR-66-402 
PART  n 


some  Instances,  16  hours  may  have  been  sufficient.  Good  states  of  cure  were 
obtained  with  the  nonmetaliic  vulcanizing  agents  within  a  period  of  tm  hours 
or  Less,  as  indicated. 


Triazine  gums  17B-2A  (IV),  and  17B-3LA,  (IV),  yielded  vulcanizates  (Tables 
III  and  IV)  with  tensile  properties  superior  to  those  of  vulcanizates  baaed  on 
triazine  gums  16B-1,  (II),  Table  n,  and  16B-2,  (Cl),  Table  V.  The  high  tensile 
strengths  of  the  perfluoroglutarthioamido  and  tetrapheny  1-tin-cured  based  on 
triazine  gums  17B-1A  and  17B-2A  are  attributed  to  the  relatively  high  mole¬ 
cular  weight  of  these  particular  lots  of  polymer. 

These  vulcanizates  proved  to  be  less  thermally  stable  than  the  uncured  gums. 
As  the  results  of  500°F  aging  show  (Figures  10-13),  the  vulcanized  gums  lost 
substantially  more  weight  than  the  corresponding  uncured  gums.  In  addition  to 
the  relatively  high  weight  losses  noted,  vulcanizates  obtained  ring  melamine, 
perfLuorosebacamidine,  peiHuoroglutarimidine,  bis  (perfluorobutyrimidoyl) 
perfluoroglu-ar amidine ,  and  perfLuoroglutarthioami.de  became  spotted  with 
pinholes.  The  vulcanizates  obtained  using  tetraphenyl  tin  and  barium  oxide 
retained  their  structural  integrity.  Considering  tensile  properties  and  thermal 
stability,  tetr  aphenyl  tin  in  conjunction  with  triazine  gum  17B-1A  provided 
the  most  satisfactory  vulcaaizate. 


In  addition  to  the  foregoing  methods  of  obtaining  cured  triazine  products,  an 
approach  involving  the  inti  eduction  of  functional  groups  which  would  coordinate 
with  a  chromium  ion  to  give  a  polymer  with  thermally  stable  crosslinks  was 
also  investigated.  In  investigating  this  approach,  1  part  of  diethanolamine  was 
blended  with  100  parts  of  triazine  gum  2215-71-1,  (II),  bearing  all  perfluoro- 
propyl  pendant  groups.  The  compounded  gum  was  then  heated  in  air  at  120°C  for 
1  hour  to  induce  a  reaction.  If  the  results  of  work,  by  Dr.  Henry  C.  Brown  and 
Mr.  John  Turnbull  (Reference  3),  involving  the  investigation  of  the  reaction  of 
amines  with  a  model  triazine  compound  apply,  this  treatment  should  have  lead 
to  the  Incorporation  of  aminodiethanol  functional  groups,  predominately  terminal 
groups,  via  the  reaction  (Equation  V): 
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and  possibly  a  small  number  of  pendant  groups  through  the  replacement  of 
perfluoropropyl  groups  as  shown  in  Equation  VI. 
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TABLE  H 


TENSILE  PROPERTIES  OF  VULCANIZATES  BASED  ON 
TRIAZINE  GUM  1SB-1,  (II),  CURED  WITH  SELECTED 
METALLIC  AND  NONMETALLIC  CANDIDATE  COMPOUNDS 


Triazine  Gum  16B-1,  (II) 

100 

100 

Tetraphenyl  Tin 

5 

- 

Perfluoroglutarimidiie 

- 

5 

Physical  Properties  at  R.T. 
Press  Cured  at  3  iO“F,  hrs 

20 

2 

Tensile  Strength,  psi 

540 

400 

Elongation,  % 

700 

440 

TABLE  HI 

TENSILE  PROPERTIES  OF  VULCANIZATES  BASED 

ON  TRIAZINE  GUM  17B-2A,  (IV),  CURED  WITH  SELECTED 
METALLIC  AND  NONMETALLIC  CANDIDATE  COMPOUNDS 

Triazine  Gum  I7B-2A,  (IV) 

100 

100 

Tatraphenyl  Tin 

5 

- 

PerfLuoroglutaxthioamido 

- 

5 

Physical  Properties  at  R.T. 
Press  Cured  at  320°F,  hrs 

20 

1 

Tensile  Strength,  psi 

940 

1  f\A  K 

Elongation,  % 

500 

550 

'V-Pj- 

y*  . 

TABLE  IV 

TENSILE  PROPERTIES  OF  VULCANIZATES  BASED 

ON  TRIAZINE  GUM  17B-1A,  (IV),  CURED  WITH  SELECTED 
METALLIC  AND  NONMETA1LIC  CANDIDATE  COMPOUNDS 

j  Triazin6  Gum  17B-1A,  (IV) 

100 

100 

|  Tetraphenyl  Tin 

5 

- 

J  PerfluovoglutartlUaamide 

- 

5 

|  Physical  Proper?  las  at  R.  T. 
Press  CrrQd  gt  320°F,  hrs 

20 

1 

Tensile  Strength,  psi 
Elongation,  % 

1200 

415 

1180 

565 

<N* 

.  IN 

• 

-  \ 

- 

- .-rpr  - ~~  -  '  " 

-•  -fciJ  i  '* 

‘  * 

TABLE  V 
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At  any  rate ,  structurally  sound  vulcanizates  based  on  the  diethanolamine  modified 
gum  were  obtained  using  chromium  trifluoroacetate,  which  previous  work  showed 
to  be  ineffective  for  cur  jpg  the  untreated  polymer. 

Physical  properties  of  the  diethanolamine  modified  triazine  gum  (Table  VI) 
cured  with  0.  5  parts  of  chromium  trifluoroacetate  were  somewhat  better  than 
those  of  the  vulcanizate  obtained  using  1.  0  part  of  this  curing  agent  but  were 
inferior  to  those  of  the  tetraphenyl-tin  vulcanizates  based  on  triazine  gums 
17B-1A,  (IV),  and  17B-2A,  (IV);  see  Tables  III  and  IV,  The  chromium  tri¬ 
fluoroacetate  vulcanizates  also  proved  to  be  less  thermally  stable  than  the  tetra- 
pbenyl-tin  triazine  gum  17B-1A,  (IV),  vulcanizate  (Figure  14).  Accumulative 
eight  losses  for  the  modified  gums  cured  with  0.  5  and  1. 0  parts  of  chromium 
trifluoroacetate  after  1500  hours  were  respectively  29  and  25.  5%.  During  the  same 
period  of  aging  the  tetraphenyl-tiu-cured  triazine  gum  17B-1A,  (IV),  vulcanizate 
had  a  weight  loss  of  only  10. 5%. 


TABLE  VI 

TENSILE  PROPERTIES  OF  VULCANIZATES  BASED  ON 
DIETHANOLAMINE  MODIFIED  TRIAZINE  GUM  2215-71-1,  (II), 
CURED  WITH  CHROMIUM  TRIFLUOROACETATE 


Triazine  Gum  2215-71-1,  (II) 

ICO 

100 

Diethanolamine 

1 

1 

Chromium  Trifluoroacetate 

0.  5 

1 

Physical  Properties  at  R.  T. 

Press  Cured  1  hr  at  33Q°F 

Post  Cured  at  120° F,  hrs 

17 

21 

Tensile  Strength,  psi 

420 

350 

Elongation,  % 

540 

290 

24 
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Figure  13.  Thermal  Stability'  of  Gum  Vulcanizates  Baaed  on  Triazine 
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Thermal  Stability  of  Chromium  T~i£Luoroace:aie  Cured, 
Diethanolamine  Treated  Triazine  Gum  2215-71-1  (II) 
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SECTION  VI 


EFFECTS  OF  KICK  TEMPERATURE  AGING  ON  THE 
PHYSICAL  PROPERTIES  OF  VULCANIZED  TRLAZINE  GUMS 


To  obtain  more  definitive  information  regarding  the  relative  high  temperature 
stability  of  tetraphenyl-t  in -cured  vulcanizates  baaed  on  a  polymer  derived  using 
an  excess  of  perfluorobutyric  anhydric-  3,  triazine  gum  16B-1,  (II)  ,  and  a  pclymcr 
obtained  using  an  excess  of  12/88  mole  percent  ratio  at  reactants,  triazine  gum 
17B-1A  (IV)  ,  room  temperature  physical  properties  of  the  above  gumvul- 
c animates  were  determined  after  various  periods  of  exposure  at  500,  600,  and 
700°F. 


These  results  concur  with  the  weight  loss  data  (Figures  10  and  12)  pre¬ 
viously  obtained  at  an  aging  temperature  of  500°F.  The  vulcanizate  based  on 
triazine  gum  17B-1A,  (IV),  derived  using  an  excess  of  the  12/8S  mole  percent 
ratio  oi  reactants,  proved  to  be  more  thermally  resistant  than  the  vulcanizate 
based  on  triazine  gum  16B-1,  (II),  bearing  all  peifluoropropyl  pendant 
groups.  Even  though  the  latter  (Table  VII)  retained  only  55%  of  its  initial  tensile 
strength  when  aged  24  days  at  500°F  and  completely  reverted  when  exposed  for 
72  hours  at  600°F,  the  vulcanizate  based  on  gum  bearing  n-cyanoperfluoropropyl 
pendant  groups  after  aging  periods  of  24  days  at  500°F,  72  hours  at  600°F,  and 
8  hours  st  700°F,  respectively,  retained  approximately  bb.  54.  and  25%  of 
its  original  tensile  strength.  In  addition,  this  gum  vulcanizate  exhibited  good 
resistance  to  compression  set,  A  compression  set  value  of  20%  was  obtained 
for  specimens  deflected  25%  of.  their  original  height  when  aged  72  hours 
at  500°F, 
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TABLE  VII 

PHYSICAL  PROPERTIES  OF  TETRAPHENYL-TIN-CURED 
TRIAZINE  GUMS  16B-1,  (II),  AND  I7B-1A,  (IV),  AFTER 
EXPOSURE  TO  ELEVATED  TEMPERATURES 


r 

Triazine  1GB -1,  (II) 

100 

- 

I 

Triazine  17B-1A,  (IV) 

-- 

100 

I 

i, 

1 

Tetraphenyl  Tin 

Physical  Properties  at  R.  T. 

Press  Cured  20  hrs  at  320°F 

Initial 

5 

5 

3 

Tensile  Strength,  psi 

680 

1080 

Elongation,  % 

780 

415 

Shore  A  Hardness,  pts 

Aged  48  hrs  at  500°F 

37 

53 

■ 

Tensile  Strength,  psi 

675 

965 

Elongation,  % 

825 

410 

Shore  A  Hardness,  pts 

53 

54 

Compression  Set,  72  hrs  at  500°F^ 

Aged  24  days  at  500°  F 

61.6 

20 

Tensile  Strength,  psi 

0*7  C 

O  1  J 

700 

Elongation,  % 

890 

400 

Shore  A  Hardness,  pts 

A - 3  rt  Ct  *v*-  cr\AO T?! **) 

i  Ca  XJJLO  ut,  vvv'  i  ' 

50 

50 

Tensile  Strength,  psi 

- 

585 

Elongation,  % 

Reverted 

330 

Shore  A  Hardness,  pts 

Aged  8  hrs  at  700°F^ 

” 

55 

Tensile  Strength,  psi 

- 

265 

Elongation,  % 

- 

305 

Shore  A  Hardness,  pts 

- 

76 

(1)  25%  deflection 

(2)  Results  obtained  on  specimens  heat  treatod  48  hrs  at  500°F 
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SECTION  VII 

FILLER  REINFORCEMENT  INVESTIGATIONS 

In  continuation  of  the  search  for  a  suitable  reinforcing  agent,  a  number  of 
additional  experimental  and  conventional  finely  divided  materials  were  investigated 
in  the  more  recent  lots  of  experimental  triazine  elastomers.  Since  the  results  of 
previous  work  (Reference  2)  left  doubts  regarding  the  reinforcing  effects  of  some 
of  the  materials  screened  in  the  earlier  lots  of  highly  insoluble  triazine  polymer, 
certain  of  these  fillers  were  also  included  in  this  investigation. 

Silica  "H"  S-17*  (a  silicon  dioxide  powder  treated  with  a  hydrophobic  sur¬ 
face  coating  agent),  carbon  blacks  (EFC,  SRF,  and  S*  'winigan),  ASP  103  (a 
clay  treated  with  a  hydrophobic  surface  coating  -  and  Protox  166  (zinc  oxide) 

were  among  the  noufibrous  materials  evaluates  which  exhibited  substantial  rein¬ 
forcing  effects.  With  a  20-part  loading  of  these  i’lers,  tetraphenyl  tin-cured  gums 
(Tables  VIII,  DC,  andX)  were  obtained  having  tensile  strengths  ranging  from  1,555 
to  2,490  psi  and  substantial  elongations  (295  to  650%).  Micro  fibrous  products 
(Asbestine  3X,  Chrysotile  No.  38  111-2,  Silicon  Nitride  Wool,  and  Fibrene 
C  -400  also  reinforced  the  tetraphenyl  tin-cured  gum,  but  to  a  lesser  extent  than 
the  above  cited  nonfibrous  materials.  Perfluoroglutarthioamide-cured  triazine 
compounds  (Table  XI)  extended  with  carbon  black  also  possessed  good  tensile 
properties.  The  other  candidate  materials  evaluated  were  relatively  ineffective. 

All  of  the  more  effective  reinforcing  agents  had  an  adverse  effect  on  thermal 
stability  (Figure  15,  16,  17,  and  18).  A  tetraphenyl-tin  vulcanized  compound 
based  on  triazine  gum  17B-1A,  (IV),  prepared  using  12/88  mole  percent  ratio 
of  reactants  and  reinforced  with  Silica  ”H"  S-17,  possessed  the  best  balance  in 
tensile  properties  and  thermal  stability.  After  1900  hours  at  500°F,  this  silica- 
reinforced  vulcanized  compound  (Figure  16)  had  an  accumulative  weight  loss  of 
about  23%.  Beyond  the  1000-hour  period,  the  rate  of  weight  loss  for  this  com¬ 
pounded  gum  was  approximately  0.  01%  per  hour  which  is  about  5  times  greater 
than  the  rate  at  which  the  cured  unreinforced  gum  (Figure  12)  loses  weight. 


*  Additional  information  on  the  candidate  reinforcing  agents  is  given  in  the  Appendix. 
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TABLE  VII! 


EFFECT  OF  CANDIDATE  REINFORCING  AGENTS  ON  THE 
TENSILE  PROPERTIES  O?  TET RAPHEN ¥ L.-TIN- 
CURED  TRIAZINE  GUM  17B-2A,  (IV) 


r 

Triazine  Gum  17B  -2A,  (IV) 

100 

100 

100 

100 

ICO'1' 

100 

Tetraphecyl  1  in 

5 

5 

5 

5 

5 

5 

Shawinigan  Black 

- 

20 

- 

- 

- 

- 

Ailube  No.  38 

- 

- 

20 

- 

- 

- 

Aluminum  Nitride  Oaide 

- 

- 

- 

20 

- 

- 

Fluorocarbon  Resin 

■  - 

- 

~ 

- 

20 

Magnesium  Silicate 

- 

- 

- 

- 

- 

20 

Physical  Properties  at  R,  T. 

Press  Cured  at  320°F,  hrs 

20 

20 

20 

20 

21 

20 

Tensile  Strength,  psi 

340 

2035 

1090 

985 

1140 

815 

Elongation,  % 

500 

365 

515 

580 

58C 

460 

(1)  Compounded  on  f  heated  .r.ill 
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■iAbLe  XI 


EFFECT  OF  A  CANDIDATE  REINFORCING  AGENT  ON  THE 
TENSILE  PROPERTIES  OF  PERFLUOROGLUTART.HIOAMIDE- 
OiiKEL)  ukIAZINE  GUMS  17B-1A,  (iV),  AND  17B-2A,  (IV) 


TriazineGum  17B-1A,  (IV) 

100 

- 

Triazine  Gum  17B-2A,  (IV) 

- 

100 

PerfluorogIiKarthtoairu.de 

5 

5 

Shav,  lnigon  Black 

20 

20 

Physical  Properties  at  R.  T. 

Press  Cured  1  hr  at  320°F 

Tensile  Strength,  psi 

2220 

1645 

Elongation,  % 

440 

520 

) 

1 

t 


l 

i 


V. 


I 


ect  of  Candidate  Reinforcing  Agents  on  the  Thermal  Stability 
['etraphenyl-Tin-Cured  Triazine  Gum  17B-LA,  (IV) 


ACCUMULATIVE  WEIGHT  LOSS,  It  ACCUMULATIVE  WEIGHT  LOSS, 


HOURS  IN  AIR  AT  SCu'F 


Figure  17.  Effect  cf  Candidate  Reinforcing  Agents  on  the  Thermal  Stability 
of  Tetrapheny  1-Tin-Cured  Triazine  Gum  16B-2,  (III) 
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SECTION  VHI 


EFFECTS  OF  HIGH  TEMPERATURES  ON  THE 
PHYSICAL  PROPERTIES  OF  A  SILICA  REIN¬ 

FORCED  TETRAPHENYL  TIN  TRIAZINE  17B-1A,  (IV) 

VULCANIZATE 

Further  research  was  conducted  to  determine  the  effects  of  high  temperatures 
on  tie  physical  properties  of  the  silica  "H"  S-17-reinforced,  tetrapheny  1-tin  vul* 
canizates  based  on  triazine  gum  17B-IA,  (IV). 

The  original  tensile  strength  of  thi  i  particular  vulcanizate  (Table  XII)  was 
much  higher  than  that  of  a  previous  sample  of  this  composition  (Table  DC).  A 
substantial  reduction  in  strength  resulted  on  post  curing.  Tensile  properties  of 
this  vulcanizate  at  500  and  600°F  were  considered  marginal,  A  review  of  the 
literature  revealed  that  at  500°F  the  tensile  properties  of  this  triazine  vulcaniztce 
were  found  to  be  equivalent  to  those  of  Viton  B  vulcanizates  aged  8  hours  at  4Q0°F 
and  tested  at  400°F. 

The  results  obtained  on  specimens  of  the  silica  "H"  S-17-reinforced  vul- 
canizaie  aged  at  600  and  700°F  and  comparable  data  taken  from  the  literature  on 
a  compounded  Viton  B  vulcanizate  (Reference  4)  are  presented  in  Table  XIII. 

As  these  results  show,  the  silica-reinforced  triazine  vulcanizate  after  aging 
72  hrs  at  600°F  retained  a  substantially  greater  portion  of  its  original  tensile 
properties  than  the  Viton  B  vulcanizates. 

Although  the  reported  data  based  on  specimens  of  these  vulcanizates  aged 
8  hours  at  700°F  do  not  differ  substantially,  the  silica-reinforced  triazine  vul¬ 
canizate,  unlike  Viton  B  and  hydrocarbon  elastomer  vulcanizates,  remained 
flexible. 
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TASJL.E  Xli 

’li  ENSILE  PROPERTIES  OF  SILICA  "li"  3-17  REINFORCED, 
TETRAPHENYL-TIN-CIJRED  TR1AZXNE  GUM  1VB-1A,  (IV)  „  AT 
ELEVATED  TEMPERATURES 


100 

20 

5 


Physical  Proper  ties. 

Original.,  tested  at  R,  T. 

Ter, bile  Strength,  pai  2490 

Elongation,  %  '/  630 

Post  Cured  48  hrs  at  500°F,  tested  at  Ft-  T. 

Tensile  Strength,  psi  1528 

Elongation,  %  ,  505 

Post  Cured  48  hrs  &t  500°F,  tested  at  500 T 

Tensile  Strength,  psi  465 

Elongation,  %  'HE 

Post  Cured  48  hrs  at  500°F,  tested  f>t  600lP 

Tensile  Strength,  psi  80 

Elongation,  %  350 


Triezine  Cv  n  17B-1A,  (IV) 
Silica  "H"  S-17 
Tetraphenyl  Tin 
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TABLE  XIII 

TENSILE  PROPERTIES  OF  SILICA  S-17  REINFORCED, 
TETRAPHENYL-TIN-CUREO  TRL1ZINE  GUM  17B-1A  GY*  Ajm 
A  VTrON  13  COMPOUND  AFTER  EXPOSURE  TO  ELEVATED^ 

TEMPERATURES 


Triazine  Gum  17B-1A,  (IV) 

100 

_ 

Silica  "H"  S-17 

20 

- 

Tetraphenyl  T  in 

5 

- 

Viton  B 

- 

100 

Thermal  MT 

- 

30 

Magiite  Y 

- 

15 

Diak  No.  4 

- 

2 

Physical  Properties  at  R.  T, 

Original 

Tensile  Strength,  psi 

2,490 

2460 

Elongation,  % 

630 

275 

Shore  A  Hardness,  pts 

73 

75 

Aged  72  hrs  at  600°  F 

Tensile  Strength,  psi 

1435 

49  0^ 

Elongation,  % 

200 

80 

Shore  A  Hardness,  pts 

85 

90 

Aged  8  hrs  at  700°F 

_ «  2  • 

Tensile  Strength,  psi 

4va 

nuir  ' 

Elongation,  % 

85 

85 

Shore  A  Hardness,  pts 

88 

84 

(1)  The  triazine  vulcen izate  wa.*;  post  cur  id  48  hrs  at  500°F;  the  Viton  B  com¬ 
pound  was  post  cured  24  hrs  at  400nF  prior  to  obtaining  these  results 

(2)  Brittle,  broke  when  bent  180° 
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SECTION  IX 

ELECTRICAL  CHARACTERISTICS 


Recognizing  that  triazine  olastoiners  could  be  potentially  suitable  for  use  as 
a  high  temperature  electrical  insulating  material,  the  Air  Force  Materials 
Laboratory  through  arrangements  made  with  Dow  Corning  Corporation  obtained 
pertinent  data  to  assess  the  performance  of  the  triazine  polymer  in  this  applications 
area.  In  general,  materials  used  for  electrical  insulation  should  have  a  low 
dielectric  constant,  a  low  dissipa?  ion  factor,  a  high  dielectric  strength,  a  high 
volume  resistivity,  and  good  arc  n  distance  characteristics.  The  electrical 
data  obtained  from  Dow  Corning  Corporation  on  the  triazine  gum  cured  with 
tetraphenyl  tin,  Teflon,  and  a  vulcanized  compound  based  on  Silastic  1603  are 
presented  in  Table  XTV.  The  overall  results  showed  the  electrical  insulation 
characteristics  of  te'  raphenyl-tin-cured  triazine  gum  to  be  intermediate  to  those 
of  Teflon,  which  is  known  to  bo  outstanding  electrical  insulating  material,  and 
a  compound  based  on  Silastic  1603,  which  is  widely  used  as  a  high  temperature 
wire  insulator.  Despite  its  tendencey  to  hydrolyze,  immersion  in  distilled  water 
for  24  hours  at  room  temperature  did  not  (as  a  comparison  of  t.  e  results  indicate) 
have  e  significant  effect  on  the  good  electrical  insulating  properties  of  the  tetra- 
phenyl-tin-cured  triazine  elastomer. 


TABLE  XIV 
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SEC  X  ION  X 

FLAMMABILITY  INVESTIGATIONS  IN  PURE  OXYGEN 


In  view  of  the  manned-space  programs 1  requirement  for  materials  which 
will  not  burn  in  pure  oxygen,  a  limited  amount  of  effort  was  devoted  to  establish¬ 
ing  the  combustible  ni  ure  of  the  triazine  polymer.  This  investigation  was  confined 
to  evaluating  tefrapbenyl-tur cured  triazine  polymers.  The  hot-wire  ignition  method 
was  used.  Specimens  (1  x  0. 125  >:  0. 020)  of  the  samples  prepared  were  spirally 
wound  wiLi  Ni-Cr  ignition  wire  0. 006  in.  diameter  and  10-cm  long.  The  assembly 
was  mounted  in  the  ignition  chamber  (which  was  evacuated  and  pressurized  with 
oxygen  to  the  desired  preesure)  and  subjected  to  a  hot  wire  ignition  temperature 
in  the  vicinity  of  1800°F  using  a  23-volt  AC -power  ignition  source. 

The  results  obtained  (Table  XV)  on  the  specimens  which  had  been  aged  for 
20  hours  at  500°F,  shewed  tetraphenyl-tin  vulcanizates  based  on  polymers  de¬ 
rived  using  an  excess  of  perfluorobutyric  anhydride  (II)  and  an  excess  of  the 
7/93  mole  percent  ratio  of  reactants  (IV)  to  be  non  burning  in  pure  oxygen  at  24.  7 
and  29. 7  psia,  respectively.  Specimens  of  the  latter  vulcanizates,  which  had 
cot  been  aged  at  500°F  and  consequently  contained  hydrocarbon  components  were 
found  to  be  non  burning  in  pure  O  at  pressures  up  to  22  psia,  but  ignited  and 
supported  combustion  at  a  pure  oxygen  pressure  of  25  psia. 


TABLE  XV 

COMBUSTIBLE  CHARACTERISTICS  OF  TETRAPHENYL- 
TIN- CURED  TRIAZINE  GUMS  IN  PURE  OXYGEN 


Triazine  Gum  (as  indicated) 

100 

Tetraphenyl  Tin 

5 

Press  Cured  20  hrs  at  320°F 

Triazine  Gum 

17B-2A,  (IV) 

17B-2A,  (IV) 

16B-1,  (II) 

Remarks 

Aged  at  500°F,  hrs 

0 

204 

204 

Pure  O  ,  psia 

22 

29.7 

24.7 

Didnot  ignite 

Pure  0„,  psia 

25 

34.7 

29.7 

Ignited  and 

burned 

AFML-TR-6G-402 
PART  II 

SECTION  XI 

SUMMARY  AND  CONCLUSIONS 


This  internal  research  program  was  initiated  to  obtain  suitable  modifiers 
for  crosslinking  and  reinforcing  triazine  polymers.  Efforts  were  devoted  to 
developing  high-strength  general -propose  vulcanizates  which  would  be  capable 
of  withstanding  temperatures  in  the  500  to  800°F  range. 


Polymer  bearing  all  perfluc  oprc  pyl  grt  ups  and  either  perfluoropropyl  or 
trifluoronethyl  gr  ups  in  combination  with  n -cyan ope1  luoropropyleno  groups  in 
the  pendant  position  were  evaluated.  The  polymers  were  derived  by  acylating  and 
cyc'odeliydrating  polymer  intermediate  ob.ained  by  copolymerizing  perllucro- 
sebaconifrile  and  pjrfluorosebacamidine  with  (a)  an  excess  of  periluorobutyric 
anhydride,  (b)  an  excess  of  a  j  lixtuie  containing  periluorobutyric  anhydride  and 
n-cyano- «riluorol  ityryl  chloride,  and  (c)  mixtures  containing  trifluoroacetic 
anhy  Iride  and  n-cyanopcrfluorcbutyryl  chloride.  The  generil  chemical  structure 
of  these,  polymer  Is  illustrated  below: 


The  exact  number  of  n  cyanoperfluoropropylene  pendant  groups  present  in 
the  various  lots  of  gum  prepared  using  mixtures  obtaining  n-cyanope rfluorobuty ryl 
chloride  has  not  been  precisely  established.  Results  of  analytical  work,  however, 
indicated  that  less  than  5  mole  percent  of  n-cyanoperfluorobutyryl  chloride  is 
introduced  when  mixtures  containing  as  much  as  20  mole  pereeut  of  this  reactant 
are  used. 


Triazine  gum  bearing  all  perfluoropropyl  pendant  groups  and  a  lot  of  polymer 
obtained  using  12/88  mole  %  ratio  of  n-cy  anoperfluorobutyryl  choloride  and  trifluoroacetic 
anhydride  proved  to  be  more  stable  than  polymer  derived  using  20/80  and  7/03  mole 
percent  ratios  of,  respectively,  n-cyanoperfluorobutyryl  chloride/perfluorobutyric 
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axihydrldo,  nxid  n-oyaxiopoi'fluo/obuLyz'yJ  chlox ldo/i>uiliiiui'ouc<itic  aiibv'->'ld<> 
The  approximuti  iterconlu  of  accumulative  weight  loss  for  those  triuxhic  gums, 
after  3500  hours  uglug  at  500  !■ ,  wore  r<  •ipoetiv*  ly  3.  5,  0,  12.  5,  flild  11. 


fllll  px'oeosslug  tcclinhjues  uot  only  rouder  the  triaziiie  polymers  lean 
thermally  resistant,  but  api>ear  to  promote  hydrolysis  and  structural  cliaxigos 
within  t-hc  polymoi  uctwoix.  Trianluo  [KjJ.ymcr  milled  for  20  minutes  and 
aged  at  500°  J'  loot  several  tixnos  more  weiglit  than  samples  of  the  currcapoudlug 
urjQililod  gums.  Infrared  data  obtained  on  milled  samples  of  gum  showed  absorption 
poahs  at  wavelength**  denoting  the  presence  of  carbonyl,  hydrogen-nitrogen,  and  linear 
corL  on -nitrogen  compouonta  which  were  not  found  la  the  infrared  spectra  obLainod 
on  the  unmilied  polyinera. 

Tetraplienyl  tin,  barium  oxide,  melamine,  peiHuoroglutar-Uuoaaiide,  pe.v- 
fluoroglutariniidine,  pextiuorosobacamldinc  and  N ,  N 1  bit  (poifluorobutyrixuidoyl) 
pexiiuorogiutar  ami  dine  proved  to  be  eftoctivo  fox-  curing  polymer  bearing  n- 
cyemoperfluoropropylene  pendant  groups.  Cur  ed  products,  however,  baaed  on 
po'ymer  bearing  all  pexiluoropropyl  pondant  groups  were  only  obtained  uaing 
tetraphenj  1  tin  and  perfluoroglutaximidinc. 

Tensile  nronettlea  of  the  volcano:  ales  prepared  were  dependent  on  molecular 
weight.  The  tetrfiphenyl  tin  mid  pexfluoroglutarthioamide-cured  gums  baaed  on 
the  comparatively  high  molecular  weight  polymer  samples  derived  from  polymer 
intermediate  using  pcilluoroncetic  anhydride  leaetion  mixturee  containing  7  or 
IS  mole  percent  of  n-cyanoperfluorobutyryi  chloride  had  good  tensile  strengths 
for  an  uxireinlorced  experimental  elastomer.  The  tcirapheny] -tin -euro< i  gum  obtained 
using  the  reaction  mixture  containing  IS  mole  percent  of  the  functional  monomer 
had  the  best  tensile  properties  and  proved  to  bo  the  most  thermally  stable. 

All  ol  the  vulc animates  proved  to  be  2ess  stable  than  the  uncurod  elar'.cmeric 
polymers.  The  tel  -aphenyi-tin  vulcarmatc  based  on  polymer  obtained  by  treating 
polyknidoylaxnidiae  intermediate  with  an  excess  of  the  mixture  containing  12/88 
mole  percent  ratio  of  n-cymioperlluorebutyryi  chloride  and  perfLuoroacelic 
anhydride  lest  the  least  amount  of  weight  and  retained  a  substantial  portion  of 
its  original propeitios  after  various  periods  ol  aging  at  505,  60 0,  aiid  700T. 
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'1  he  tutraphonyl'tln  vulcunlzulo  buaod  ou  the  lot  of  ixjfymur  boarlwc  nil  porfLioro- 
propyl  pendant  groups  completely  revolted  at  CiOC f  !•'.  Vuloanizutos  cured  with  the 
uonmotalilc  compounds  lout  their  struotuul  Integrity  {boctuuc  spotted  with  pin  - 
holes)  after  relatively  short  periods  at  GUOT  tu  air. 

Other  than  tho  above  cured  triazine  jjolymer  systems,  structurally  bound 
vulounizatos  baaed  on  polymer  treated  with  diethanolamine  wa«  obtahied  using 
ckromium  triduoroueotaio  us  the  croaaiinking  agent.  The  vulcnnixnlos  prepar  ed 
exiilbited  relatively  i>oor  phyaieai  properties  and  lost  woiglil  when  aged  at 
GOO  T  at  a  comparatively  high  rate. 

Among  the  candidate  reinforcing  agents  evaluated,  carbon  blacks,  a  modifiod 
silica,  a  clay,  and  a  zinc  oxide  were  more  effective  than  the  other  selected 
candidate  re  inlore  mg  materials.  Of  the  permutations  and  combinations  of  materials 
Involved  in  this  work,  a  silica-reinforced,  tetr aphony  1-tln -cured  comixaind  bmiod 
■on  triazine  gam  derived  using  12/hG  mole  percent  ratio  of  n-cyanof*eriluoropropyler>e 
and  tniluoroacetic  anhydride  possessed  the  best  balance  of  tensile  properties 
and  tnermal  stability.  The  tensile  strength  of  this  triazine  compound  of  approx¬ 
imately  2503  pal  ivw'  equivalent  to  that  of  a  standard  Viton  13  compound  reinforced 
with  a  medium  thermal  carbon  black.  Results  of  GOO  and  7Q(TV  aging  showed  it 
fo  be  more  thermally  resistant  than  the  Viton  B  compound.  In  contrast  to  Viton  B, 
which  becomes  brittle  at  these  temper atures.  this  triazine  vuicsn— ate  retains  its 
elastomeric  characteristics,  Tensile  properties  of  the  experimental  triazine  com¬ 
pound  at  GOO  and  000T  were  marginal  and  its  resistance  to  compression  set  was 
found  to  be  poor. 

On  the  basis  of  preliminary  results  the  triazine  polymer  holds  promise  as 
an  electrical  insulating  material.  Comparative  electrical  data  obtained  showed 
the  electrical  insulating  qualities  of  tetraphenyl-tin-cuced  triazine  gum  to  be 
intermediate  to  those  of  Teflon,  which  is  known  to  be  outstanding,  and  a  com¬ 
pound  based  on  Silastic  1603,  which  Is  widely  used  as  a  high  temperature  wire 
Insulator,  Although  known  to  be  hydrolytically  sensitive,  the  electrical  properties 
cf  the  triazine  vulcanizates  were  not  significantly  affected  by  a  .21 -hour  jrporu- 
temperature  soak  in  distilled  water. 
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A  rath  or  unrjuc  chnriicWu  iotlc  ai  iAjl  innitUic  j,un;  is  Iha'-,  11  d>oe  nut.  rondily 
Italic  u»;d  Bi.pj<ori  uoxubutilioi.  *:i  r.pu.vc  <,iivi>g:r.moiH.  Komiita  ui  liut  w  ire 

Ignition  oxixiJ.moula  nLi  nvec!  a  toUapbunyi-tin  vuivactaale  Limed  oo  uc-" 

rU'id  by  us  log  the  7/0  J  jnoiu  put  cent  ratio  u(  a -uyanopcyiluurujjuly/yJ  enlorhlo 
and  trJliuor  oncotic  anbydvk!"  to  bo  liouooinbuatiblc  in  pure  'O,  fit  proneurc«  up 
to  LI  puia*  ii  pioeautiou  la  tui'.on  to  ciostroy  the  combubtiblc  totruphcnyl-tin 
catalyat  by  ovon  a»jiu&  tlio  vuicanirated  product  at  bOO’!',  it  wre*  found  Uuii  pure 
C2  prceaurcB  in  excess  oi ZV.  7  j)sia  axe  rotjuirodto pause  feutUpn and  uoxn- 
b  nation. 
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OEbCKIl'TlO.N  OF  CANDIDATE  KEINI'OKCING  AGENTS 

•V' 

■Simwit-uj.au  UTack.  Condufivu  f  urn  am  black,  Shawlnigmi  Chciuicula,  Llcl 

iKJlict!  "H  '  S  -  IV,  r,  surface  tronted  silica,  Dow  Corning  Ccu-porution 

Ftthafran  2121,  fived,  ground  lithium  aluminum  silicate,  The  Carborundum 
Company 

jprotox  ICC,  a  propionic  acid  surface  treated  zinc  oxide.  The  New  Jersey  Zinc 
C  orapimy 

Fluorocarbon  Itesln  LNL‘  2129-85  -1.  a  powered  t< trafluoroethvlcce  resin, 

Peace  alt  Chenueais  Corporation 

Barosil,  a  complex  barium  eiULicaie,  National  Lead  Company 

Filane  ,  calcium  eilicate,  Ksrvick  St&udara  Chemical  Company 

■ASP  103,  a  cationic  surfactant  surface  treated  kaolin  clay,  Minerals  and 
Chemicals  Phillip  Corporation 

WFA  Graphite  Fiber,  chopped  graphite  fiber,  Union  Carbide  Corporation 
Stannic  Oxide,  reagent  grade,  Fisher  Scientific  Company 
2^  won  ground  boron  filia,  N  atonal  Rtibtwuu  C  ux'poriaion 

Chrysotile  No.  38  lii-2.  experimental  chemically  treated  silica  ribbon,  Case 

Institute  of  Technology 

Ktlube  No.  83.  powdered  i et r afiuc r  oethylene  resin.  The  Burinon  Company 
Aluminum  Nitride  Oxide.  Type  6A  fiber  crystals,  Thermokinetic  Fibers,  Inc. 
Asbestine  3X,  asbestos  fiber,  International  Talc  Company,  Inc. 

T’ibrene  C-400,  magnesium  silicate,  Sierra  Talc  Company 
EPC  Black,  easy  processing  channel  black,  J,  M.  Huber  Corporation 
Lithium  Fluoride,  experimental  powder,  commercially  unavailable 
Min-U-Sil  (5U),  a  crystalline  uafumed  silica,  The  Carborundum  C oxqpany 
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Al'i’KNDU  I  (fJO/NTIJ) 

Hit  loo:»  uiltio'.;  Wh  idler. -i,  The  Uurboi-uaduin  Coiupuu.v 

Vijicon  N.'i.ri.ci'-  Wool,  experbeieuiai  wkiakure  Type  7A,  Tboriuolductit  libera,  luc. 
(SAF  Bind;,  buyer  abraalou  furnace  biie.k,  J.  M.  Huber  Corporation 
li  apnea  iuiu  Silicate,  exporiuuuuliU iibroufr .proiiuti,,  commercially  utiuViUA&ble 

Ci 
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This  report  covers  further  progress  made  toward  tho  development  of  a  high  strength 
Sgeueriu-purpore  vulemizata  based  on  perfluoroalkylnne  triazine  polymer  for  potential  use  in  the 

1500  to  600°F  range.  The  triazine  polymer  involved  in  this  research  had  the  following  generalized 
structure*  __  ,1 

9  9.  “  (  CF2>b 


IOf  the  severai  lots  of  experimental  perfluorooctamethylene  triazine  polymer  evaluated,  a 
polymer  with  trifluoromethyl  and  n-cyauoperfluoropropylene  groups  in  the  pendant  position 
yielded  vulcanizatos  with  tlie  best  overall  properties.  Tetraphenyl  tin  and  surface-treated 
siiic.i  proved  to  be,  respectively,  the  most  satisfactory  curing  and  reinforcing  agents  for  this 
,  polymer  system.  The  compounded  triazine  polymer  does  not  become  brittle  whan  aged  in  air 
lor  extended  perieds  even  at  temperatures  as  high  as  700°F  and  in  addition  retains  a  substantial 
portion  of  its  original  tensile  properties.  The  tetraphenyi-tin  cured  polymer  was  also  found  to 
(losses s  excellent  electrical  insulating  properties  and  exhibited  good  resistance  to  compression 
set  at  500°F.  Results  of  hot  wire  ignition  tests  have  shown  this  type  of  polymer  to  be  not.com- 
tiuslible  in  pure  oxygen.  Further,  it  does  not  appear  to  be  moisture  sensitive  under  ordinary 
conditions. 
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